Background: Mindfulness-based stress reduction (MBSR) is a clinically standardized meditation that has shown consistent efficacy for many mental and physical disorders. Less attention has been given to the possible benefits that it may have in healthy subjects. The aim of the present review and meta-analysis is to better investigate current evidence about the efficacy of MBSR in healthy subjects, with a particular focus on its benefits for stress reduction. Materials and methods: A literature search was conducted using MEDLINE (PubMed), the ISI Web of Knowledge, the Cochrane database, and the references of retrieved articles. The search included articles written in English published prior to September 2008, and identified ten, mainly low-quality, studies. Cohen's d effect size between meditators and controls on stress reduction and spirituality enhancement values were calculated. Results: MBSR showed a nonspecific effect on stress reduction in comparison to an inactive control, both in reducing stress and in enhancing spirituality values, and a possible specific effect compared to an intervention designed to be structurally equivalent to the meditation program. A direct comparison study between MBSR and standard relaxation training found that both treatments were equally able to reduce stress. Furthermore, MBSR was able to reduce ruminative thinking and trait anxiety, as well as to increase empathy and self-compassion. Conclusions: MBSR is able to reduce stress levels in healthy people. However, important limitations of the included studies as well as the paucity of evidence about possible specific effects of MBSR in comparison to other nonspecific treatments underline the necessity of further research.
Introduction

M
indfulness-based stress reduction (MBSR) is a standardized meditation program created in 1979 from the effort to integrate Buddhist mindfulness meditation with contemporary clinical and psychological practice.
1,2 Even though it was originally developed as a group-based program for patients with chronic pain, [3] [4] [5] in the past two decades it has been proposed as a treatment for many diseases, showing a good efficacy for many mental and physical disorders. [6] [7] [8] The main feature of MBSR is the cultivation of mindfulness, a concept that has its roots in Buddhism and can be firstly found in the Abhibdamma 9 and later in the Visuddhimagga, a summary of the part that deals with meditation. 10 It consists of the development of a particular kind of attention, characterized by a nonjudgmental awareness, openness, curiosity, and acceptance of internal and external present experiences, which allows practitioners to act more reflectively rather than impulsively. 5, 11, 12 MBSR comprehends three different techniques: body scan, which involves a gradual sweeping of attention through the entire body from feet to head, focusing noncritically on any sensation or feeling in body regions and using periodic suggestions of breath awareness and relaxation; sitting meditation, which involves both mindful attention on the breath or on the rising and falling abdomen as well as on other perceptions, and a state of nonjudgmental awareness of cognitions and of the stream of thoughts and distractions that continuously flows through the mind; and Hatha yoga practice, which includes breathing exercises, simple stretches, and posture designed to strengthen and relax the musculoskeletal system. 1 The program consists of interventions and homework at home for at least 45 minutes a day, 6 days a week for 8 weeks, 1, 2 although it can be provided in shorter or longer courses as well.
Despite great interest in the application of MBSR in mentally and physically ill patients, less attention has focused on the benefits this practice might have in healthy people, in particular, as a tool for the reduction of stress. Continuous stress may lead to unproductive rumination that consumes energy and strengthens the experience of stress itself. 13 Furthermore, intensified stress can undermine resilience factors [14] [15] [16] such as hope 17 and capacity to forgive. 18 Although a certain level of stress may result in improved performance, there is consistent evidence that too much stress can adversely affect physical and mental health. [19] [20] [21] MBSR, which teaches to observe situations and thoughts nonjudgmentally without reacting to them impulsively, helps people to develop a more reflexive awareness of inner and outer experiences, and could represent an efficacious tool for the reduction of stress.
11,22
The aim of the present work is to review current evidence about the possibility of MBSR to reduce stress in nonclinical populations, and to answer to the following questions: Is there evidence that the efficacy of MBSR on stress reduction is superior to an inactive treatment? Is there evidence that MBSR is comparable to other active treatments in reducing stress? Can MBSR improve psychological symptoms and parameters other than stress?
Materials and Methods
Literature research
A literature search was conducted using MEDLINE (PubMed), the ISI Web of Knowledge, the Cochrane database, and the references of retrieved articles. The search included articles published from 1979 (when MBSR was conceived) to September 2008. The search strategy considered only studies published in English. The main search terms were MBSR, mindfulness, meditation, stress reduction, and healthy, in various combinations as needed.
Selection of trials
The original search identified more than 150 articles, of which 10 were considered useful for our purpose (Table 1) . Included studies had to: investigate the efficacy of a MBSR intervention; be performed in healthy subjects; use validated scales for the measurement of stress; and provide quantitative data. Controlled studies were required to have a control group procedure that was either inactive (e.g., a waiting list) and=or active and oriented to control for nonspecific effects of the mindfulness group (e.g., demand characteristics and expectancy effects); furthermore, studies comparing MBSR with another active treatment had to provide separate analyses for the two treatments. No limits in the number of subjects, duration of trials, or study design were considered. Excluded were: qualitative reports; studies investigating clinical populations or including subjects affected by physical or mental disorders; studies performed in healthy subjects but not reporting data on stress values; speculative reports; studies with sample data not specified; and studies with data on MBSR and another active treatment grouped together. To be entered in our analysis, studies had to provide both pre-and post-test outcome variables or Cohen's d between post-and pre-test within-group differences. Studies not satisfying this last criterion but satisfying other inclusion and exclusion criteria were not meta-analyzed and were reviewed only in a narrative way.
Outcome measures
The primary outcome measures were: the comparison between the Cohen's d calculated on pre-and post-test stress values related to MBSR compared to the values related to the inactive treatment; the comparison between the Cohen's d calculated on pre-and post-treatment spirituality values related to MBSR compared to the values related to the inactive treatment (spirituality intended as an overall sense of connection with something greater or transcendent or as a particular attitude characterized by openness to, and awareness and acceptance of, present experience); and both previously reported measures performed on the comparison between MBSR and a further active treatment. In order to reduce potential confounding factors (such as self-selection bias), for the analysis of stress-reduction and spirituality-enhancement, we performed a sensitivity analysis in randomized controlled trials separately. Secondary outcome measures were: rumination; empathy; self-compassion; state anxiety; and further psychological changes related to the MBSR program.
Data extraction and quality assessment
The data were extracted from the original reports. Variables not completely described in the text or described only in a narrative fashion were extracted and calculated from the tables reported in the articles. The quality of controlled studies was assessed using the Jadad scale, 23 and the quality of cross-sectional studies with controls was assessed using the Newcastle-Ottawa scale 24 ( Tables 2, 3 ). For both measures, a score !3 is considered to be indicative of a high quality study.
Data analysis
Two separate Cohen's d were calculated for each study (three for the study with an active control group). The first was performed on the difference between post-and preintervention measures in the MBSR group and the other on the same difference in the control group. Cohen's d was calculated using gain scores and pooled standard deviations according to the standard formula:
where M post and M pre represent the final and initial mean values in the considered scales, respectively, and spost and spre represent the final and initial standard deviations. In line with current conventions, effect sizes for improvements (i.e., reductions in stress and enhancement in spirituality) were reported as positive in sign. 25 Cohen's d of MBSR interventions and of control groups were then compared using t-test weighted for the number of participants. We opted for this method because different control strategies themselves can have different effects. Statistical analysis was performed on the completers' samples, in accord with data provided by the authors. Furthermore, when studies included in the analysis failed to report the standard deviation, it was imputed as the weighted average from other studies included in the present review that employed the same scale. 26 Data that could not be aggregated in the main outcome measures and data defined as secondary outcome measures were reviewed in a narrative way.
Results
MBSR for the reduction of stress
Comparison between MBSR and inactive treatment. Data from 7 controlled and randomized controlled studies could be aggregated. [27] [28] [29] [30] [31] [32] [33] From the comparison between the Cohen's d of measures of stress, we found that MBSR had a significant positive nonspecific effect compared to the absence of any treatment (waiting list) ( Table 4 ). The results were maintained even when randomized controlled trials were analyzed separately. Results from a single controlled trial comparing MBSR to a control group intervention designed to be structurally equivalent to meditation program in terms of instructor attention, weekly and total duration, and course modality (both were group-based), 30 suggested that MBSR could have a specific effect as well ( p ¼ 0.001).
Three further studies reported measures of stress. In the first study, investigating the possibility of a standard course of MBSR to reduce stress in university undergraduates, a significantly higher reduction of stress from baseline, as measured by the global severity index of the Hopkins Symptom Checklist 90 Revised (SCL-90), was observed in the MBSR group compared to the group on the waiting list (64% versus 14%; p < 0.002). 34 Significant improvements were noticed in many subscales of the SCL-90 as well, including measures of depression, anxiety, obsessive compulsive symptoms, somatization, interpersonal sensitivity, psychoticism, and paranoid ideation ( p < 0.05 for all). A following open label study confirmed this data, finding a significant stress reduction from baseline ( p < 0.05) in 16 female nursing students practicing MBSR, even though the open label design as well as the self-selection of participants limited the significance of these findings. 35 On the other hand, no significant difference was noticed between improvements in severe stress in the MBSR group compared to the control group in the study by Cohen-Katz and colleagues. 36 However, the study failed to consider global stress values, focusing only on those affected by severe distress and specifying that the instrument used for the assessment of stress might not be sensitive enough.
Comparison between MBSR and active treatment. In the only study investigating this parameter, the t-test did not show any significant difference between the two treatments ( p > 0.05). 31 In conclusion, evidence supports the positive nonspecific effect of MBSR on stress reduction in healthy people, highlighting a possible specific effect, and suggesting that MBSR is similar to relaxation training in terms of stress reduction.
MBSR for the enhancement of spirituality
Comparison between MBSR and inactive treatment. Data from 5 controlled and randomized controlled studies could be aggregated. [30] [31] [32] [33] 36 From the comparison between the Cohen's d of spirituality measures, we found that MBSR was significantly more efficacious in enhancing spirituality than the inactive control. Even excluding the nonrandomized controlled study, the results did not change. Separate analysis of effect size on the index of core spiritual experiences (INSPIRIT) and mindfulness attention awareness scale (MAAS) yielded similar results ( p ¼ 0.0001 and p ¼ 0.0000001, respectively).
Significant enhancement in spirituality values, as measured by INSPIRIT, has been reported by Astin in the group practicing MBSR, 34 and this enhancement was found to be significantly higher in the group of meditators compared to 
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the control group in the first study performed by Shapiro and colleagues using the same scale. 27 Comparison between MBSR and active treatment. For the only study that investigated spirituality through INSPIRIT, the t-test did not show any significant difference between the two treatments ( p > 0.05). 31 No direct comparison between different active treatments on MAAS scores is available.
MBSR practice was related to a significant increase in spirituality values which were comparable, although not superior, to a further comparison active treatment.
Do decreases of stress correlate with enhancement in spiritual values?
In an early study, no significant association between increases in spirituality levels and improvements in stress was found. 34 However, later analysis consistently reported an association between these two parameters. In particular, Beddoe and Murphy found a significant correlation between time spent in a mindfulness attitude and greater ability to face stressful situations. 35 Furthermore, Shapiro and colleagues reported that enhancement in mindfulness levels, as measured with MAAS, significantly correlated with a reduction in perceived stress, rumination, trait anxiety, and an increase in levels of self-compassion. 29 Finally, Shapiro and colleagues, correlating many analyzed measures, proposed a mechanism through which MBSR was found to be efficacious: compliance with treatment reduced trait anxiety, and this reduction was both associated with a reduction in state anxiety and a reduction of depressive symptoms, further related to a reduction of stress. 27 Moreover, state anxiety was also inversely correlated to spirituality levels. Thus, there is scarce and sometimes contrasting evidence about the relationship between changes in perceived stress and changes in spirituality levels, possibly related to small sample sizes and to the use of different scales for the measurement of stress and spirituality. Actual findings suggest that there could be important correlations, either direct or indirect, and underline the necessity for further research in this area.
Are results obtained in the short term maintained in the long term?
There is little evidence whether the benefits obtained through standardized courses of MBSR are consistently maintained in the long term. In particular, while first studies showed that the benefits were maintained in a significant number of subjects at 3-month follow-up, 34 ,36 a significant decrease in the improvements gained at the 10th week was noticed at the 3-month follow-up in a sample of pregnant women, although there was a trend for improvement from pre-test values was maintained. 33 A possible reason for this finding could be the increase of stress during the last part of pregnancy or immediately after birth. Nonetheless, the scarcity of data and the small sample size of included samples underline the necessity for further investigations.
MBSR and rumination
MBSR, which teaches to observe thoughts nonjudgmentally and put the focus on the present moment, is supposed to reduce ruminative thinking. 5, 37 Two studies 30, 31 focused on this parameter in healthy subjects. In the first study, the authors observed a significant decrease in ruminative thoughts from baseline, as measured with the Reflection Rumination Questionnaire 13 in the MBSR group (from 3.42 to 2.78) whereas no differences were noted in the control group (3.15 to 3.11). These results were confirmed in the study performed by Jain and colleagues, as shown by reports on daily diaries (MBSR group, 3.9 to 2.5; control group, 3.5 to 4.4): furthermore, the decrease of ruminative thinking was significantly greater in the MBSR group compared to the relaxation training group, suggesting a possible advantage of MBSR in comparison to pure relaxation. 31 
MBSR, empathy, and self-compassion
Empathy was defined by Rogers as the capacity to understand, be sensitive to, and feel what another is feeling as well as the ability to communicate this sensitivity to the person. 38 In a first study, MBSR was found to significantly increase empathy from baseline in 16 nursing students ( p < 0.05) as measured with interpersonal reactivity index. 39 These results were later confirmed in a sample of university undergraduates investigated by Shapiro et al., 27 as measured with the Empathy Construct Rating Scale. 40 Moreover, MBSR was found to be efficacious for enhancing self-compassion levels as well. Shapiro and colleagues 32 found significant increases in self-compassion, as measured with a self-compassion scale 41 in the group that practiced MBSR (23%) in comparison to the waiting list group (7%) ( p < 0.004), a result replicated in a following study performed on psychotherapists in training, in which p was < 0.0001. 30 
MBSR and further measures
Significant improvements were noticed as well on the state and trait anxiety levels, as measured with the State and Trait Anxiety Index 42 in 2 randomized controlled studies 27, 30 in groups that practiced MBSR, whereas no significant difference was found in the waiting list groups. In the study performed by Beddoe and Murphy, 63% of participants reported improvements in personal relationships, 75% in self-confidence, and 69% reported being more assertive after the course. 35 Astin reported that an MBSR course was followed by a significant increase in self-control, 34 and significant improvements were noticed in sleep quality in the study performed by Klatt and colleagues. 32 One study investigated whether self-report measures could be biased by social desirability, 31 a tendency to respond in a socially desirable manner, as measured by the Marlowe-Crowne Social Desirability Scale; the results of this study showed that no significant bias due to social desirability could be found. 43 
Discussion
The aim of the present work was to review current evidence about the efficacy of MBSR on stress reduction in healthy subjects. Reviewed findings consistently showed that MBSR provided a significant nonspecific effect on reduction of stress levels in comparison with no treatment (waiting list) in healthy subjects. Our results support the notion that MBSR could have a significant specific effect as well, as shown by a study comparing MBSR to a nonspecific treatment designed to be structurally equivalent to a meditation program in terms of instructor attention, weekly and total duration, and course modality. 30 Unfortunately, however, it is still not possible to argue which is the specific ''active ingredient'' of MBSR, in particular if it is the often-claimed ''mindfulness'' itself, because MBSR is a multimodal program that involves many active components in addition to mindfulness meditation.
Our results were in accord with other studies performed on groups of healthy subjects who practiced MBSR courses as well as other mindfulness meditations, such as Vipassana meditation. In a study focusing on a standard 10-day retreat of Vipassana meditation, 44 significant decreases in stress levels were found 3 months after the course in a sample of 53 subjects ( p < 0.001). Furthermore, a following study focusing on both MBSR and concentrative meditation reported a significant reduction in stress values in groups of healthy meditators compared to controls. 45 The study grouped together participants of both groups of meditation so it could not be included in our analysis. Nonetheless, it provides further evidence that meditation can reduce stress in healthy subjects.
Given the consistent limitations of actual studies, there is still a need for rigorous, properly powered, randomized controlled studies to determine the magnitude of the effects of MBSR on stress reduction in healthy subjects, to better establish possible specific effects of MBSR in comparison to control interventions providing nonspecific support, and to investigate possible predictors of response to this kind of meditation.
A further area of investigation should focus on the longterm effects of MBSR on stress in healthy subjects, for example including follow-up of one or more years, or investigating long-term practitioners. Actual evidence about long-term effects of MBSR in healthy people to date ends at 3-month follow-up and shows contrasting findings. Some sparse evidence suggests that significant improvements after the 8-week program could be maintained in the long-term, as shown by Miller et al., who found that improvements gained in anxiety and depression symptoms were maintained 3 years after the practice in a sample of patients suffering from generalized anxiety disorder and panic disorder. 46 Long-term follow-up would be particularly important considering that participants in MBSR groups usually continue to practice after the course. 34, 46 A second important finding was that MBSR significantly enhanced spirituality levels in comparison to an inactive control but not in comparison to an active control, although there is not, to date, a clear and shared model that correlates increases in spirituality and decreases in perceived stress. Results on both stress reduction and spirituality enhancements were observed in randomized controlled trials even when considered separately in order to reduce potential confounding factors as self-selection bias. Furthermore, separate analysis of scores on two different scales used to assess spirituality-INSPIRIT, which investigates the relationship between the individual and a ''higher power,'' and MAAS, which focuses on a particular attitude towards present experience characterized by openness, curiosity, and awarenessyielded similar results.
Our findings suggest that MBSR can be significantly superior to a relaxation program in reducing ruminative thinking as well. Further improvements in many psychological features (decreases in trait anxiety, increases in empathy and self-compassion) suggest that MBSR could be associated to nonspecific improvements of many psychological symptoms other than stress, although no specific effect can yet be shown. Overall, our findings are in accord and extend previous findings about different types of meditative practices. including mindfulness meditations in general. 6, 47 On the other hand the low quality of the majority of studies confirms the problem proposed by Carpenter, who noted the scarcity of well-designed studies on meditation and underlined the necessity for higher quality design of future studies. 48 Many limitations affect the present findings. The majority of included studies were of low quality. This could result in potential undetected biases that reduce the significance of reviewed findings. The main methodological shortcomings were small sample size, self-selection, nonrandomization, and the impossibility of conducting meditation studies under a double blind condition. However, 9 of 10 studies, including the only high quality study, 31 provided significant results in the same direction, and the analysis focusing separately on the randomized controlled trial provided significant findings as well, underlying the nonspecific and potentially specific effect of MBSR for stress reduction.
A second limitation regards the use of a waiting list that fails to control for nonspecific factors such as group support or a teacher's care in a control group. Nonetheless, MBSR showed similar results when compared to another active treatment in a study directly comparing these two treatments and was significantly more efficacious than didactic seminars used to control for these nonspecific factors in a further study. 30 A third limitation is the administration of self-rated scales which could be influenced by social desirability. However, a single study controlling for this factor did not detect any influence of social desirability on final outcome measures.
A forth limitation was that people in all studies were most often females, Caucasian, and undergraduate students, thus limiting the generalizability to males, non-Caucasians, and older adults, and enhancing the necessity of further research in more representative samples.
A further limitation is represented by the decision to group together different measures of spirituality as an overall sense
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CHIESA AND SERRETTI of connection with something greater, or transcendent, or with present experience; although we performed analysis for MAAS and INSPIRIT values separately as well. Establishing the differences and the possible connections between these facets of ''transcendence'' could be an important challenge for future studies. An important final limitation is the differing durations of the studies and partially differing study designs, which could influence final values. Nonetheless, apart from the modified version for workers 35 and the shortened program for students who were facing the examination period, 34 MBSR techniques, programs, and lessons=home practice duration were not significantly different across the studies.
Conclusions
Current evidence suggests that MBSR has both a nonspecific and possibly a specific effect on stress reduction in healthy subjects. Further research is needed to investigate larger and more heterogeneous samples, to assess efficacy measures in the long term, and to better establish specific effects of this particular meditation program.
